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The  Ways  of  the  Weather 

Meet  Postponed  because  of  Warm  Weather”; 

“Cubs-Giants  Game  Rained  Out” ; “Crops  Damaged  by 
^ — y Hailstorm” ; “Ten  Overcome  by  Heat” ; “Planes  Down 
because  of  Fog”;  “Bus  Marooned  in  Blizzard”;  “Drought 
Drives  Wheat  Prices  Up.”  We  see  many  headlines  like  these 
in  our  newspapers.  Such  headlines  remind  us  that  the  weather 
is  important  to  us  all.  It  affects  our  work  and  our  play  and 
our  health.  It  affects  the  prices  we  have  to  pay  for  the  things 
we  need.  It  is  a matter  of  very  great  concern  to  the  farmer, 
the  aviator,  the  engineer,  the  forest  ranger,  the  circus-owner, 
and  to  many  others  besides. 

The  weather  is  so  important  that  it  is  not  surprising  that 
we  talk  about  it  a great  deal.  Besides,  it  is  new  every 
morning.  If  we  lived  in  the  tropics,  we  probably  would  not 
talk  about  the  weather  nearly  so  much  as  we  do.  There,  for 
months  at  a time,  the  weather  is  very  much  the  same  day 
after  day.  It  is  not  news.  In  our  part  of  the  world  it  changes 
so  much  and  so  often  that  “as  changeable  as  the  weather” 
has  come  to  be  a common  saying. 
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What  Is  Weather? 

Here  are  three  sample  weather  forecasts: 

Partly  cloudy  with  possible  showers  tonight  and  Saturday; 
continued  cool;  moderate  northeast  winds. 

Fair  and  warmer;  highest  temperature  tomorrow  about  95°  F.; 
light  south  winds. 

Cloudy  with  probably  snow  tonight  or  Sunday;  not  much  change 
in  temperature;  light  to  moderate  easterly  winds  becoming- 
variable. 

If  you  look  at  these  weather  forecasts  carefully,  you  see 
that  each  one  tells  five  things: 

1.  What  the  temperature  will  be. 

2.  Whether  there  will  be  any  rain  or  snow. 

3.  Whether  the  sky  will  be  cloudy  or  clear. 

4.  From  what  direction  the  wind  will  be  blowing. 

5.  Whether  the  wind  will  be  strong  or  gentle. 

From  these  forecasts  you  can  get  a very  good  idea  of  what 
we  mean  by  “weather.”  There  are  two  elements  in  weather, 
however,  which  the  forecasts  do  not  mention.  One  is  the 
pressure  of  the  air;  the  other  is  the  humidity. 

As  you  probably  know,  the  air  always  presses  with  great 
force  on  the  surface  of  the  earth.  The  air  pressure  in  a 
given  place,  however,  changes  somewhat  from  day  to  day 
and  is  a part  of  the  weather. 

You  are  almost  sure  to  have  heard  the  word  “humidity” ; 
you  must  certainly  have  heard  someone  say  on  a hot  day 
in  the  summer,  “It’s  not  the  heat;  it’s  the  humidity.”  By 
“humidity”  we  mean  the  amount  of  water  vapor  in  the  air. 
The  humidity  has  a great  deal  to  do  with  making  the 
weather  pleasant  or  unpleasant. 

If,  then,  you  are  to  have  a clear  picture  of  the  weather  in 
any  place  at  any  time,  you  must  know: 

1.  The  pressure  of  the  air. 

2.  The  direction  of  the  wind. 

3.  The  strength,  or  velocity,  of  the  wind. 

4.  The  temperature. 

5.  The  humidity. 
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6.  The  amount  of  cloudiness. 

7.  The  kind  of  precipitation 
(rain,  snow,  sleet,  or  hail),  if 
any  is  falling. 

Air  Pressure  ® 

If  you  were  to  step  suddenly  into  a room  in  which  the  air 
pressure  was  very  much  less  or  very  much  greater  than 
the  pressure  you  are  accustomed  to,  you  would  probably  be 
very  uncomfortable.  The  sudden  change  in  pressure  might 
even  make  you  very  ill.  The  daily  changes  in  air  pressure, 
however,  are  so  slight  and  so  gradual  that  most  of  us  do 
not  feel  them  at  all.  We  have  to  use  an  instrument  called  a 
barometer  to  tell  us  whether  the  air  pressure  is  high  or  low. 

The  picture  on  this  page  shows  a barometer  of  the  kind 
which  many  people  keep  in  their  homes.  There  are  other  kinds. 
The  best  barometers  are  mercury  barometers.  The  chart  on 
page  6 shows  a record  of  air  pressure  made  by  a recording 
barometer.  Notice  how  the  air  pressure  changed  during  the 
week  in  which  the  record  was  made. 

Air-pressure  readings  are  in  inches,  centimeters,  or 
millibars.  Inches  and  centimeters  are,  of  course,  units  of 
length.  An  air-pressure  reading  of,  let  us  say,  30  inches 
means  that  the  pressure  is  great  enough  to  hold  mercury 
up  to  a height  of  30  inches  in  a mercury  barometer.  The 
millibar  is  a unit  of  pressure  itself.  A pressure  of  30  inches 
is  the  same  as  a pressure  of  1016  millibars. 

Perhaps,  on  a muggy  morning,  you  have  heard  people  say, 
“The  air  is  heavy  today.”  This  common  remark  proves  that 
we  ourselves  are  not  good  barometers.  On  the  days  when 
people  call  the  air  heavy,  there  is  much  water  vapor — water 
which  has  evaporated — in  the  air.  The  water  vapor  pushes 
aside  some  of  the  other  gases  in  the  air.  If  the  temperatures 
are  the  same,  air  with  much  water  vapor  in  it  is  lighter — 
not  heavier — than  air  with  only  a little  water  vapor  in  it. 

Perhaps  you  have  gone  riding  on  a hot  evening  and  have 
been  surprised  as  you  drove  through  a hollow,  or  low 
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place,  to  find  the  air  much  cooler  there.  If  you  know  that  air 
expands,  or  takes  up  more  space,  when  it  is  heated,  it  is  easy 
to  understand  why  the  air  in  a hollow  is  often  cooler  than 
the  surrounding  air.  As  air  expands,  it  becomes  lighter — 
it  weighs  less  per  cubic  foot.  Cold  air,  then,  is  likely  to  sink 
into  the  lower  places  and  push  up  the  warmer,  lighter  air. 

Notice  the  words  around  the  edge  of  the  barometer  pictured 
on  page  5.  These  words  suggest,  as  is  true,  that  air  pressure 
is  closely  tied  up  with  clouds  and  rain.  Air  pressure  is  closely 
tied  up  with  winds  and  temperature,  too.  Although  we 
cannot  feel  the  changes  in  air  pressure  itself,  we  can  certainly 
feel  the  changes  in  weather  which  changes  in  air  pressure 
help  to  bring  about. 

In  spite  of  the  fact  that  air  pressure  is  closely  tied  up 
wdth  clouds  and  rain,  you  should  not  put  very  much  faith 
in  the  weather  indications  given  by  such  a barometer  as  the 
one  pictured  on  page  5.  It  is  not  at  all  certain,  for  example, 
that,  if  the  hand  of  the  barometer  points  to  30,  the  weather 
will  be  fair.  The  important  thing  to  know  is  not  what  the 
air  pressure  is,  but  whether  it  is  rising  or  falling.  If  you 
know  in  what  direction  the  hand  has  been  moving,  you  may 
be  able  to  make  much  better  predictions  for  yourself  than 
the  words  on  the  barometer  make  for  you.  A rising  barometer, 
as  a rule,  means  fair  weather  ahead,  and  a falling  barometer 
is  likely  to  mean  unsettled  and  cloudy  weather.  You  will  find 
out  why  as  you  read  more  about  the  weather. 


6 


Winds 

Wind  is  a very  important  part  of  weather.  Whether  the 
sky  is  cloudy  or  clear,  whether  the  temperature  of  the  air  is 
high  or  low,  whether  the  weather  is  pleasant  or  disagreeable 
depends  largely  on  the  wind.  “Every  wind  has  its  weather” 
is  an  old  saying  and  a true  one. 

Wind,  of  course,  is  moving  air.  It  is  air  moving  horizontally. 
Air  that  is  moving  up  or  down  is  usually  called  a “current 
of  air”  rather  than  “wind.” 

“There  is  not  a breath  of  air  stirring”  is  a common  saying, 
but  such  a state  of  affairs  is  not  at  all  common.  Usually 
there  is  some  wind  or  some  upward  or  downward  movement 
of  air,  even  though  the  air  may  not  be  moving  fast  enough 
to  move  the  leaves  on  a tree  or  to  make  you  feel  it. 

The  strength  of  the  wind  depends  on  how  fast  the  air  is 
moving.  If  the  air  is  moving  at  the  rate  of  six  miles  an 
hour — if,  in  other  words,  its  velocity  is  six  miles  an  hour — 
it  makes  leaves  rustle  and  it  can  be  felt,  but  it  does  no 
damage.  If  it  is  moving  ten  times  as  fast,  it  can  blow  down 
trees,  lift  the  roofs  off  houses,  and  do  much  damage. 

The  following  brief  table  will  help  you  tell,  just  by  looking 
out  of  the  window,  about  how  fast  the  air  is  moving. 


Signs  To  Watch  For 

Wind 

Miles 

Per  Hour 

Smoke  goes  straight  up;  flags  hang  limp... 

Calm 

Less  than  1 

Leaves  move  slightly;  smoke  does  not  go 
straight  up 

Light 

1-  7 

Leaves  move  constantly;  flags  blow  out 

Gentle 

8-12 

Branches  move;  dust  and  paper  blow  about. . 

Moderate 

13-18 

Small  trees  sway;  whitecaps  form  on  lakes. . 

Fresh 

19-24 

Umbrellas  are  hard  to  hold;  large  branches 
move 

Strong 

25-38 

Branches  are  broken  off  trees;  possibly 
great  damage  is  done 

Gale 

39-75 

The  strength  of  the  wind  has  a great  deal  to  do  with  making  ^ 
us  feel  comfortable  or  uncomfortable.  A wind  so  strong  that 
it  turns  umbrellas  wrong  side  out,  blows  dust  in  one’s  eyes, 
and  is  hard  to  walk  against  is  certainly  not  pleasant.  On  the 


other  hand,  on  a hot  summer  day  a breeze  helps  make  us 
feel  more  comfortable.  It  makes  the  perspiration  evaporate 
more  rapidly  than  if  the  air  were  still,  and  the  evaporation 
of  the  perspiration  makes  us  cooler.  A breeze  helps  so  much 
to  make  us  more  comfortable  on  a hot  day  that  in  our  buildings 
we  often  use  electric  fans  to  make  artificial  breezes. 

Engineers  have  to  consider  the  wind  in  building  skyscrapers 
and  bridges.  The  architects  of  the  Empire  State  Building, 
for  example,  and  the  engineers  in  charge  of  building  the 
great  new  bridges  at  San  Francisco  had  to  make  allowances 
for  the  force  of  the  wind. 

We  name  winds  from  the  direction  from  which  they  come. 
A northeast  wind,  for  example,  is  a wind  from  the  northeast. 

Usually  the  direction  of  the  wind  can  be  told  easily  from 
a wind  vane.  The  wind  pushes  against  the  broad  blade  of 
the  vane  and  keeps  the  point  of  the  arrow  pointing  in  the 
direction  from  which  the  wind  is  coming. 

You  saw  from  the  weather  forecasts  on  page  4 that 
weather  forecasters  are  able  to  predict  the  direction  and 
the  velocity  of  the  wind.  Of  course,  they  could  not  do  so 
unless  scientists  had  found  out  what  causes  wind.% 

Wind  is  caused  by  differences  in  air  pressure.  The  air 
near  the  surface  of  the  ground  moves  from  regions  of  high 
pressure  to  regions  of  low  pressure.  Let  us  suppose  that  the 
wind  is  blowing  from  A,  a region  of  high  pressure,  to  B,  a 
region  of  low  pressure.  If  the  difference  between  the  pressures 
in  A and  B is  comparatively  great,  the  wind  is  strong.  If  the 
difference  is  comparatively  small,  the  wind  is  gentle. 

Some  of  our  winds  are  local  winds.  In  Chicago,  for  example, 
on  a hot  summer  afternoon  a breeze  often  begins  to  blow 
in  from  the  lake.  It  does  not  blow  far  inland.  Many  times 
the  part  of  Chicago  which  is  more  than  two  or  three  miles 
from  the  lake  does  not  get  a lake  breeze. 

It  is  easy  to  understand  a lake  breeze.  On  a hot  summer 
day  the  land  becomes  hotter  than  the  water  of  the  lake. 
The  air  over  the  land  becomes  warmer  than  the  air  over 
the  water.  As  you  have  been  told,  air  expands  when  it  is 


heated.  Therefore,  a given  volume  of  cold  air  weighs  more 
than  the  same  volume  of  hot  air.  The  air  pressure  over  the 
land  becomes  less  than  the  air  pressure  over  the  water,  and 
the  air  begins  to  move  in  from  the  lake  to  the  land.  A lake 
breeze  usually  dies  down  when  the  sun  sets  and  the  land 
begins  to  cool.  The  land  cools  faster  than  the  water  in  the 
lake,  and  the  difference  in  temperature  between  the  air  over 
the  land  and  the  air  over  the  lake  becomes  less  and  less.  The 
land  may  at  length  become  considerably  cooler  than  the  water 
in  the  lake,  and  a land  breeze  may  set  in. 

Sea  breezes  and  wind  caused  by  forest  fires  are  other  local 
winds.  Gusts  of  wind  from  a thunderstorm  are  local  winds,  too. 

Most  of  our  winds  are  not  to  be  explained  by  purely  local 
conditions.  To  understand  many  of  our  winds  we  have  to 
know  about  the  procession  of  highs  and  lows  across  our 
country.  A high  is  a great  movement  of  air  out  in  all  directions 
from  a region  of  high  pressure.  A low  is  a great  movement 
of  air  in  from  all  directions  to  a region  of  low  pressure.  Our 
country  is  in  the  so-called  “belt  of  prevailing  westerlies” — 
that  is,  near  the  surface  of  the  earth  the  movement  of  air 
is  from  the  west  a large  part  of  the  time.  The  highs  and 
lows  are  disturbances  in  this  general  movement  of  air. 

Lows  are  often  called  cyclones  by  the  weatherman;  highs 
are  called  anticyclones.  “Cyclone”  may  mean  a hard  storm  to 
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you.  It  does  not  to  the  weatherman.  It  means  instead  a great 
swirl  of  air  several  hundred  miles  across — often  more  than 
a thousand  miles  across — moving  over  the  country.  An 
anticyclone  is  an  equally  great  swirl  of  air. 

As  you  see,  the  diagrams  on  page  9 are  diagrams  of  a 
high  and  a low.  The  arrows  represent  the  wind.  The  wind 
does  not  blow  straight  into  the  center  of  a low  or  straight 
out  from  the  center  of  a high — the  turning  of  the  earth 
throws  the  wind  somewhat  out  of  a straight  path.  In  the 
northern  hemisphere  the  movement  of  air  out  from  a high 
is  clockwise.  The  movement  into  a low  is  counterclockwise. 

The  diagrams  of  the  high  and  the  low  will  help  you 
understand  why  the  direction  of  the  wind  changes  as  much 
as  it  does  in  any  given  place. 

A low,  let  us  suppose,  is  moving  from  the  west  toward 
yoUi  Its  center  will  pass  to  the  north  of  you.  From  the  arrows 
you  can  see  that  the  winds  will  be  southerly  and  are  likely 
to  shift  from  southeast  to  southwest. 

A low  might  pass  with  its  center  to  the  south  of  you.  It 
might  pass  with  its  center  directly  over  you.  A high  might 
pass  to  the  north,  to  the  south,  or  directly  over  you.  Can 
you  tell  from  the  diagrams  how  the  wind  would  be  likely  to 
change  in  each  of  these  cases? 

At  the  center  of  a low  the  air  rises.  Often,  if  you  are  in 
the  center  of  a low,  the  air  seems  very  still  because  it  is 
moving  upward  instead  of  moving  horizontally.  In  the  center 
of  a high  the  air  is  moving  downward. 

Of  course,  if  the  pressure  at  the  center  of  a low  is  especially 
low,  the  winds  blowing  into  it  are  likely  to  be  strong.  If  the 
pressure  at  the  center  of  a high  is  especially  high,  the  winds 
blowing  out  from  it  are  likely  to  be  strong. 

There  is  a constant  procession  of  highs  and  lows  across  the 
country.  They  always  move  from  west  to  east.  You  can  see 
that  a weather  forecaster  has  to  study  the  highs  and  lows  each 
day  before  he  can  predict  wind  velocity  or  wind  direction. 
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Temperature 

You  know,  of  course,  that  the  earth  gets  its  heat  from  the 
sun.  You  probably  know,  too,  that  the  sun  shines  more  directly 
on  our  part  of  the  world  in  our  summer  than  in  our  winter. 
Day  by  day,  as  we  move  from  winter  into  summer,  the  sun 
is  higher  in  our  sky  at  noon  until  its  highest  point  is  reached. 
Then  it  is  lower  and  lower  each  day  until  it  reaches  its  lowest 
point.  From  an  almanac  it  is  possible  to  find  out  exactly  how 
high  the  sun  will  be  in  the  sky  at  noon  on  any  day  of  the  year. 
At  any  given  place  it  is  almost  exactly  as  high  in  the  sky 
on  one  day  as  it  was  on  that  day  the  year  before. 

Since  we  get  our  heat  from  the  sun  and  since  we  can  find 
out  exactly  how  high  the  sun  will  be  in  the  sky  on  any  day 
of  the  year,  you  might  expect  that  we  would  be  able  to  tell 
far  in  advance  exactly  how  warm  any  day  would  be.  You 
might  expect  that  the  temperature  of  one  day  would  be  almost 
exactly  the  same  as  the  temperature  of  the  same  day  the 
year  before.  You  might  very  well  expect,  too,  that  beginning 
with  the  coldest  day  of  the  winter  the  temperature  would 
be  a little  higher  each  day  until  the  hottest  day  of  the  summer 
was  reached  and  then  would  be  a little  lower  each  day  until 
the  coldest  day  of  the  winter  was  reached  once  more. 

On  the  contrary,  there  is  no  way  of  telling  far  in  advance 
exactly  how  warm  any  day  will  be.  One  day,  moreover,  is 
almost  never  exactly  the  same  temperature  as  the  same  day 
the  year  before.  And  temperatures  do  not  change  in  any  such 
regular  way  as  the  one  suggested.  The  temperature  may 
suddenly  climb,  as  it  did  in  Chicago  in  one  week  of  April,  1938, 
from  32°  F.,  a temperature  for  fur  coats,  to  80°  F.,  a 
temperature  for  no  coats  at  all.  (“F.,”  as  you  probably  know, 
stands  for  “Fahrenheit,”  the  name  of  the  scale  used  in  marking 
most  of  our  thermometers.)  The  temperature  can  fall  just  as 
quickly  as  it  can  rise.  In  fact,  it  has  been  known  to  fall 
twenty  degrees  or  even  more  in  a single  hour. 


One  of  the  reasons  for  the  great  day-by-day  changes  in 
temperature  we  often  have  is  that  on  some  days  the  sky  is 
cloudy  and  on  some  days  it  is  clear.  It  is  easy  to  see  that 
clouds  shut  off  sunlight  and  keep  the  earth  from  becoming 
as  warm  as  it  would  otherwise  be. 

Sudden  drops  in  temperature  in  the  course  of  a day  may 
be  caused  by  showers.  A shower  is  likely  to  bring  the 
temperature  tumbling  down  for  the  time  being,  even  though 
the  lower  temperature  may  not  last  very  long. 

Clouds  and  rain  alone,  however,  cannot  account  for  all  of 
our  sudden  temperature  changes.  Most  sudden  temperature 
changes  are  due  chiefly  to  changes  in  the  direction  of  the 
wind.  It  goes  without  saying  that  air  moving  down  from  the 
cold  north  is  likely  to  be  colder  than  air  moving  up  from 
the  warm  south.  Since  winds  may  shift  very  suddenly  as  the 
highs  and  lows  move  past  us,  temperatures  may  change  very 
suddenly,  too.  When  the  temperature  drops  many  degrees  in 
a very  short  time,  you  will  be  safe  in  guessing  that  the 
wind  shifted  from  south  to  north. 

A high  often  brings  with  it  cooler  weather  because  it 
often  brings  to  a region  strong  northerly  winds.  Besides,  in 
the  center  of  a high  the  air  from  upper  levels  that  are 
likely  to  be  cool  is  settling  down  and  spreading  out.  A low 
often  brings  warmer  weather  because  it  often  brings  to  a 
region  southerly  winds. 

Winds  blowing  from  the  south  in  summer  for  days  at  a 
time  may  cause  a heat  wave.  In  a heat  wave  the  temperatures 
may  be  well  over  100°  F. 

Winds  blowing  from  the  north  in  the  winter  for  days  at 
a time  may  cause  a severe  cold  wave.  A severe  cold  wave 
may  bring  temperatures  of  far  below  zero. 

We  cannot  tell  temperatures  very  accurately  by  feeling.  A 
hot  day  when  the  humidity  is  high  feels  much  hotter  than 
an  equally  hot  day  when  the  humidity  is  low.  A cold  day 
when  the  humidity  is  high  feels  much  colder  than  an  equally 
cold  day  when  the  humidity  is  low.  We  have  to  depend  on 
thermometers  if  we  wish  to  tell  the  temperature  exactly. 
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Temperature  records  that  have  been  kept  for  years  tell  us 
that  the  lowest  temperature  ever  recorded  in  the  United  States 
is  -66°  F.  It  was  recorded  in  Yellowstone  National  Park  in 
1933.  The  highest  temperature  on  record  in  the  United  States 
is  134°  F.  It  was  recorded  in  1913  in  Death  Valley,  California. 

Water  in  the  Air 

There  is  always  some  water  in  the  air  around  you.  You 
cannot  see  it,  for  it  is  in  the  form  of  luater  vapor.  Water 
vapor  is  an  invisible  gas.  You  can  see  water  when  it  is  a 
liquid,  but  you  cannot  see  it  when  it  is  a gas.  You  cannot 
feel  water  vapor,  either,  for  water  vapor  is  not  wet.  Some 
people  confuse  water  vapor  with  mist.  Mist  is  made  up  of 
tiny  drops  of  water,  not  of  water  vapor. 

There  is  only  one  way  in  which  water  can  get  into  the  air. 
It  must  evaporate.  “Evaporate”  means  “change  to  vapor.” 

Water  evaporates  from  the  surface  of  rivers  and  lakes  and 
oceans.  It  evaporates  from  the  ground.  It  evaporates  from 
clothes  that  are  hung  out  to  dry.  It  evaporates  from  plants. 
Scientists  have  found  out  that  ten  pounds  of  water  a day 
may  evaporate  from  a single  corn  plant. 

Water  evaporates  from  the  aquariums  in  which  we  keep 
our  fish.  It  evaporates  from  the  tub  of  water  when  we  take  a 
bath.  It  evaporates  from  the  roofs  of  our  houses  and  from 
the  streets  after  a rain.  It  evaporates  from  the  food  we  cook. 

Water  even  evaporates  from  us.  Some  of  it  evaporates 
through  the  tiny  holes,  or  pores,  in  our  skin.  The  air  we 
breathe  out  has  water  vapor  in  it,  too. 

Other  examples  of  evaporation  will  be  easy  for  you  to  find. 
It  is  not  surprising,  then,  that  there  is  always  some  water 
vapor  in  the  air  around  us.  As  you  have  already  been  told,  we 
speak  of  the  amount  of  water  vapor  in  the  air  as  “humidity.” 

Although  there  is  always  some  water  vapor  in  the  air,  there 
is  much  more  at  some  times  than  at  other  times.  On  some 
days  the  air  contains  almost,  if  not  quite,  as  much  water 
vapor  as  it  can  hold.  We  say  that  the  humidity  is  very  high 
on  those  days.  On  some  days  the  air  holds  only  a small  part 


of  the  water  vapor  that  it  might  hold.  We  say  that  the 
humidity  is  low  on  those  days.  If  the  air  has  in  it  all  the  water 
vapor  that  it  can  hold,  we  say  that  the  air  is  saturated. 

As  you  have  already  seen,  humidity  has  a great  deal  to 
do  with  how  hot  we  feel  on  a hot  day  and  how  cold  we  feel 
on  a cold  day.  Many  people  consider  a humidity  of  about 
50  per  cent  most  pleasant. 

Notice  that  in  the  preceding  sentence  the.  humidity  was 
given  as  a per  cent.  Such  a percentage  figure  tells  you  the 
relative  humidity — the  amount  of  water  vapor  in  the  air 
in  comparison  with  the  amount  that  the  air  might  contain. 

You  may  have  seen  drops  of  water  on  the  outside  of  a 
pitcher  of  ice  water.  People  say  that  the  pitcher  is  “sweating.” 
The  “sweat”  does  not  come  from  inside  the  pitcher.  It  comes 
from  the  air.  When  the  warm  air  touches  the  cold  pitcher, 
some  of  the  water  vapor  in  the  air  changes  to  drops  of 
water.  When  water  vapor  changes  to  drops  of  water,  the 
water  vapor  is  said  to  condense. 

The  amount  of  moisture  which  air  can  hold  depends  chiefly 
on  the  temperature  of  the  air.  Warm  air  can  hold  much 
more  water  vapor  than  cold  air.  If  air  has  in  it  almost  as 
much  water  vapor  as  it  can  hold,  it  will  have  to  be  cooled 
very  little  before  some  of  the  water  vapor  will  condense  into 
drops  of  water.  If  air  has  little  water  vapor  in  it,  it  will 
have  to  be  cooled  to  a low  temperature  before  any  of  the 
water  vapor  will  condense. 

If  a pitcher  of  ice  water  is  sweating  very  freely,  you  may 
know  that  the  humidity  is  high.  The  air  did  not  have  to  be 
cooled  very  much  to  make  it  drop  some  of  its  moisture. 

The  temperature  to  which  the  air  must  be  cooled  before  the 
water  vapor  in  it  will  begin  to  condense  is  called  the  dew. 
point.  It  is  a help  to  weather  forecasters  to  know  the  dew 
point.  It  helps  them  predict  whether  there  is  likely  to  be  rain. 

If  you  were  trying  to  dry  some  fruit  in  the  sun,  you  would 
want  the  relative  humidity  to  be  low  so  that  the  water  would 
evaporate  from  the  fruit  rapidly.  If  you  were  a cigar-maker, 
you  would  want  the  relative  humidity  to  be  high  so  that 
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Dew  on  an  Easter  Lily 
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the  tobacco  leaves  would  not  become  too  dry.  If  you  were 
transplanting  some  young  plants,  you  would  want  the  humidity 
to  be  high  so  that  the  plants  would  not  wilt.  If  you  were 
a laundress  and  were  in  a hurry  for  the  clothes  you  had 
washed  to  dry,  you  would  want  the  humidity  to  be  low  so 
that  evaporation  would  be  rapid.  If  you  want  crackers  to 
stay  crisp  and  drawers  of  bureaus  not  to  stick,  you  want 
the  humidity  to  be  low  so  that  the  crackers  and  the  wood 
will  not  absorb  moisture  from  the  air.  And  so  it  goes.  You 
see,  then,  that  relative  humidity  is  important  not  only  in 
the  matter  of  our  comfort  but  in  many  other  ways,  too. 

Dew 

Probably  you  have  often  gone  out  on  a summer  morning 
and  found  the  grass  wet,  even  when  there  had  not  been  any 
rain  in  the  night.  Grass  is  often  wet  with  deiu  on  a summer 
morning.  You  may  have  heard  someone  say,  “There  was  a 
heavy  fall  of  dew  last  night.”  This  saying  is  never  exactly 
true.  Dew  does  not  really  fall.  It  is  formed  where  you  find 
it.  It  comes  from  the  water  vapor  in  the  air. 

On  a clear  night  in  summer  the  grass  may  cool  off  quickly. 
If  there  is  no  wind,  the  layer  of  air  just  above  the  ground 
may  become  so  cool  that  it  cannot  hold  all  the  water  vapor 
it  has  in  it — it  may,  that  is,  reach  the  dew  point.  Then 
some  of  the  water  vapor  changes  to  drops  of  water  on  the 
grass.  On  a windy  night  the  air  is  kept  stirred  up  so  that 
none  of  it  is  cooled  to  the  dew  point.  On  a cloudy  night  the 
clouds  act  as  a blanket  to  keep  the  surface  of  the  earth 
from  cooling  off  quickly. 

Dew  forms  on  flowers  and  low  bushes  just  as  it  does  on 
grass.  Notice  the  dewdrops  on  the  lily  in  the  picture  on  page  15. 

Dew  usually  disappears  soon  after  the  sun  comes  up. 
The  heat  of  the  sun  makes  the  water  in  the  drops  of  dew 
change  back  to  water  vapor. 

In  some-  places  where  there  is  not  much  rain,  dew  is  very 
important.  Some  of  the  dew  runs  down  the  stems  of  the  plants 
and  soaks  into  the  ground  before  it  has  a chance  to  evaporate. 
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Frost  on  Windowpanes 
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Frost 


Did  you  ever  see  the  white  frost  on  the  coils  in  an  electric 
refrigerator?  The  frost  comes  from  the  water  vapor  in  the 
air  inside  the  refrigerator.  The  air  that  touches  the  cold 
pipes  cannot  hold  all  the  water  vapor  that  it  has  picked  up 
from  the  food  in  the  icebox.  Some  of  the  water  vapor  condenses 
to  form  tiny  particles  of  ice,  or  frost. 

Frost  on  windowpanes  is  made  in  exactly  the  same  way. 

When  the  air  in  a warm  room  comes  against  a very  cold 
windowpane,  some  of  the  water  vapor  in  the  air  condenses 
as  frost.  The  frost  on  windowpanes*  is  often  in  beautiful 
patterns,  as  you  can  see  from  the  pictures  on  page  16. 

You  often  find  frost  on  the  sidewalks  and  on  plants  as  well 
as  on  windowpanes.  The  plants  in  the  picture  on  this  page  are 
covered  with  frost.  The  frost  which  forms  on  plants  is  not, 
as  some  people  say,  “frozen  dew.”  The  water  vapor  in  the 
air  does  not  change  first  to  dew  and  then  to  frost.  The  water 
vapor  changes  directly  to  frost  if  the  temperature  at  which 
it  condenses  is  below  freezing. 

Frost  is  much  less  likely  to  form  on  a windy,  cloudy  night 
than  on  a clear,  still  night.  The  clouds  keep  the  heat  from 
leaving  the  surface  of  the  ground  as  fast  as  it  otherwise 
might.  The  wind  keeps  the  air  stirred  up  so  that  there  is 
not  so  good  a chance  that  one  layer  of  air  will  become  cold 
enough  to  lose  its  water  vapor  as  frost. 

Frost  on  Grass 

© Ewing  Galloway 


The  white  frost  that  forms  on  windows  and  plants  and 
the  surface  of  the  ground  is  sometimes  called  “hoarfrost.” 
“Frost”  alone  is  sometimes  used  to  mean  simply  a temperature 
of  32°  F.  or  below.  When  the  weatherman  in  the  spring  or 
fall  predicts  a “killing  frost,”  he  means  that  the  temperature 
will  be  low  enough  to  kill  many  kinds  of  plants. 


Clouds  and  Fog 

Like  dew  and  frost,  all  clouds  come  from  the  water  vapor 
in  the  air.  Many  clouds  are  made  up  of  tiny  drops  of  water. 
They  are  like  the  little  clouds  that  form  near  the  spout  of  a 
teakettle  or  above  the  whistle  of  a steam  engine  or  over  a 
tubful  of  hot  water.  They  are  also  like  the  little  clouds  that 
form  when  you  “see  your  breath”  on  a cold  day.  Other  clouds 
are  made  up,  not  of  tiny  drops  of  water,  but  of  bits  of  ice. 

1 As  you  have  already  seen,  when  water  vapor  condenses, 
it  may  change  either  to  drops  of  water  or  to  bits  of  ice. 
Whether  drops  of  water  or  bits  of  ice  are  formed  depends 
on  whether  the  temperature  at  which  the  water  vapor 
condenses  is  below  the  freezing  point  or  not. 

If  you  were  to  go  up  into  a cloud,  you  would  find  that  it 
was  like  going  into  a fog.  There  is  a good  reason  why.  A fog 
is  a cloud  close  to  the  ground.  It  may  be  made  up  either  of 
droplets  of  water  or  of  tiny  bits  of  ice. 

Cirrus  Clouds  18 
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Cumulus  Clouds 

© Publishers  Photo  Service 

Not  all  clouds  look  alike.  Some  are  big  and  white  and  fluffy. 

Some  clouds  cover  the  whole  sky  and  are  gray.  Some  look 
like  curls  of  smoke.  There  are  other  kinds  of  clouds,  too. 

Scientists  have  names  for  many  different  kinds  of  clouds. 

Some  of  the  different  clouds  are  not  easy  for  anyone  but 
an  expert  to  tell  apart.  The  pictures  on  pages  18,  19,  and 
20  show  three  common  kinds  of  clouds.  These  three  kinds 
of  clouds  you  should  be  able  to  recognize  easily. 

The  picture  on  page  18  is,  as  you  see,  a picture  of  cirrus 
clouds.  “Cirrus”  means  “curl.”  Cirrus  clouds  are  always  high 
in  the  air.  They  may  be  ten  miles  above  the  ground.  These 
clouds  are  made  of  bits  of  ice. 

Cirrus  clouds  are  usually  traveling  very  fast.  Strong  winds 
high  above  the  ground  blow  them  along.  Often  cirrus  clouds 
travel  as  fast  as  a fast  airplane  goes. 

The  clouds  in  the  picture  on  this  page  are  typical  cumulus 
clouds.  “Cumulus”  means  “pile,”  or  “heap.”  Sometimes 
cumulus  clouds  are  called  “fair-weather  clouds.”  Sometimes, 
however,  cumulus  clouds  become  very  large  and  are  dark 
at  the  base.  Then  they  are  often  called  “thunderheads.” 

Cumulus  clouds,  as  a rule,  are  much  lower  than  cirrus 
clouds.  Their  bases  are  often  not  more  than  half  a mile 
above  the  ground.  The  tops  of  thunderheads,  however, 
may  be  six  or  seven  miles  high. 
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Stratus  clouds,  like  those  in  the  picture  on  this  page,  are 
lower  than  cumulus  clouds.  “Stratus”  means  “layer.”  Often 
stratus  clouds  make  an  even  gray  layer  over  the  whole  sky.  It 
is  hard  to  get  a good  picture  of  stratus  clouds  because  an  even 
gray  layer  over  the  sky  does  not  show  well  in  a photograph. 

Sometimes  clouds  are  very  dark.  Storm  clouds  are  often 
almost  black.  When  clouds  are  dark,  you  may  be  sure  that  they 
are  so  thick  that  very  little  sunlight  can  shine  through  them. 

In  the  formation  of  fog  and  clouds,  dust  is  very  important. 
The  water  condenses  on  particles  of  dust  that  are  in  the  air 
just  as  it  condenses  on  objects  near  the  ground  to  form  dew 
and  frost.  There  is  almost  always  plenty  of  dust  in  the  air 
for  the  moisture  to  condense  on.  Smoke,  ocean  spray  with 
particles  of  salt  in  it,  volcanoes,  and  burning  meteors,  or 
falling  stars,  are  among  the  sources  of  the  dust  in  the  air. 

Most  fogs  are  made  up  of  droplets  of  water.  These  droplets 
are  very  small.  Some  are  so  small  that  it  would  take  25,000 
of  them  to  make  a row  an  inch  long.  The  droplets  in  a cloud 
that  is  just  forming  are  likely  to  be  equally  small. 

Perhaps  you  have  seen  a fog  moving  in  from  a lake  or  an 
ocean.  Such  a fog  is  formed  when  the  temperature  of  the 
water  in  the  lake  or  ocean  is  higher  than  the  temperature 
of  the  land.  The  moist  air  moving  inland  is  cooled  as  it 
moves  over  the  cold  surface  of  the  land.  Some  of  its  moisture 
then  condenses  to  form  a fog. 


Stratus  Clouds 

Courtesy  of  the  United  States  Weather  Bureau 
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Fogs  sometimes  occur  in  places  near 
which  there  is  no  large  body  of  water.  The 
air  near  the  ground  becomes  cooled  by 
coming  in  contact  with  the  ground  at 
night.  Part  of  the  water  vapor  in  the  air 
condenses  if  the  air  is  cooled  enough. 

Clouds  are  sometimes  formed  when  warm, 
moist  air  is  mixed  with  cool  air.  By  far  the 
most  important  cause  of  clouds,  however,  is 
the  cooling  which  results  when  moist  air  is 
forced  upward.  When  air  rises  it  expands 
because  there  is  less  air  pressing  down  on 
it  from  above.  As  air  expands  it  becomes 
cooler.  If  it  becomes  cool  enough,  some  of 
its  moisture  condenses. 

You  see,  then,  that  although  both  clouds 
and  fogs  are  made  of  tiny  drops  of  water 
or  bits  of  ice,  and  although  they  both  are 
formed  when  moisture-laden  air  is  cooled, 
there  is  a difference  in  the  way  in  which 
the  air  is  cooled  in  the  two  cases.  In  the 
case  of  fog  it  is  cooled  by  coming  in  contact 
with  the  cold  ground.  In  the  case  of  clouds 
it  is  cooled  chiefly  by  expanding  when  it 
rises  and  the  pressure  on  it  is  reduced. 

Since  air  rises  in  the  center  of  a low, 
you  can  see  why  a low  often  brings  cloudy 
weather.  Since  air  is  moving  downward  in 
the  center  of  a high,  it  is  easy  to  see  why 
a high  often  brings  fair  weather. 

Fogs  are  called  “light”  or  “dense.”  A dense 
fog  is  one  in  which  objects  at  a distance  of 
one  thousand  feet  are  hidden  from  view. 
The  fog  shown  in  the  picture  on  this  page 
was  not  a dense  fog.  Notice,  however,  that 
the  sunlight  is  pale,  and  that  visibility 
is  greatly  reduced.  Notice,  too,  that  this 
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Morning  Fog 
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picture  was  taken  in  a city.  Thick  fogs  are  more  common 
in  smoky  cities  than  in  nearby  country  districts  because 
the  smoke  furnishes  many  particles  on  which  the  moisture 
may  condense.  Also,  smoke  mixed  with  fog  darkens  the  fog 
and  reduces  the  visibility. 

Dense  fogs  are  very  serious  affairs.  You  can  get  an  idea 
of  how  serious  they  are  from  the  following  newspaper  report 
of  a London  fog: 

Millions  of  Britons  breathed  moderately  fresh  air  again  tonight 
after  three  choking  days  of  a fog  that  was  blamed  for  the  loss 
of  twelve  lives. 

There  were  scores  of  accidents  as  pedestrians  made  torches  of 
newspapers  to  guide  their  way  along  the  street.  Often  they 
formed  chains  as  they  groped  along  the  sidewalks. 

Buses  ran  behind  schedule  or  quit  altogether.  Trains  generally 
were  late.  Automobiles  were  guided  by  flares. 

Three  persons  walked  into  water  reservoirs  and  were  drowned. 
The  three-man  crew  of  a foreign  mail  plane  was  killed  when 
their  craft  crashed  into  a hangar  in  taking  off  from  Croydon 
airdrome. 

Several  persons  were  injured  at  Nottingham  station  in  falls 
from  the  platform  because  they  were  unable  to  see  its  edge. 

The  importance  of  clouds  you  do  not  need  to  be  told  about. 
You  are  sure  to  know  that  we  owe  our  rain,  snow,  sleet,  and 
hail  to  clouds.  Of  course,  we  also  owe  to  clouds  all  the  help 
and  the  harm  that  rain,  snow,  hail,  and  sleet  bring  us. 

Rain 

Many  clouds,  as  you  have  seen,  are  made  up  of  drops  of 
water.  When  a cloud  is  first  formed,  these  drops  are  very 
tiny,  just  as  they  are  in  a fog.  They  are  too  small  to  fall  as 
rain.  If  they  start  to  fall,  as  they  often  do,  they  evaporate 
before  they  reach  the  ground.  If  the  tiny  cloud  droplets  do 
not  increase  in  size,  there  will  be  no  rain.  In  the  course  of 
a year  we  have  many  cloudy  days  on  which  we  do  not  have 
rain  or  any  other  kind  of  precipitation. 

If  the  air  is  moist  and  there  is  a strong  upward  current 
of  air,  the  drops  are  likely — at  least  some  of  them — to  grow 
larger.  They  may  become  large  enough  to  fall.  As  they  start 


to  fall,  they  are  likely  to  bump  into  one  another  and  form 
even  larger  drops.  A good-sized  raindrop  contains  as  much 
water  as  several  million  ordinary  cloud  droplets. 

If  the  upward  current  of  air  is  very  strong,  the  air  may 
keep  the  drops  from  falling  until  they  are  as  much  as  a 
fifth  of  an  inch  in  diameter*  Drops  as  large  as  this  hit  the 
ground  with  great  splashes. 

Many  people  have  the  idea  that  rain  is  often  brought  to  us 
from  far  away.  It  is  not.  Some  of  the  water  vapor  that 
condenses  to  form  the  rain  may  have  been  brought  from  far 
away.  Clouds  may  be  blown  for  many  miles,  too.  But  rain 
itself — that  is,  raindrops  large  enough  to  fall  to  the  ground — 
is  not  brought  from  a long  distance  away.  It  is  formed  above 
or  very  nearly  above  the  place  where  it  falls. 

If  all  the  water  in  a cloud  that  was  five  miles  deep  and 
was  made  up  of  tiny  cloud  droplets  were  to  fall  to  the  ground, 
it  would  make  a layer  of  water  only  about  half  an  inch  deep. 
Often  we  have  rains  of  more  than  half  an  inch.  Air  laden 
with  moisture  must  continue  to  rise  and  give  up  its  moisture 
for  some  time  to  account  for  our  heavy  rams. 


23 


Some  rains  are  so  heavy  that  they  are  called  “cloudbursts.” 
Of  course,  a cloud  cannot  really  burst.  A cloudburst  occurs 
when  the  current  of  air  moving  upward  is  strong  enough 
to  keep  the  rain  from  falling  until  a great  amount  has 
accumulated.  When  the  rain  begins  to  fall  at  last,  it  falls 
very  fast.  In  1891  in  Campo,  California,  more  than  sixteen 
inches  of  rain  fell  in  a cloudburst  that  lasted  more  than  an 
hour.  Records  of  many  other  such  cloudbursts  can  be  found. 

To  get  an  idea  of  how  much  rain  an  inch  of  rain  is,  you 
might  think  of  the  amount  of  water  it  would  take  to  make 
a layer  an  inch  deep  on  the  floor  of  your  schoolroom.  Suppose 
the  room  is  twenty  feet  square.  It  would  take  about  250 
gallons  of  water  to  make  a layer  an  inch  deep.  This  amount 
of  water  would  weigh  more  than  two  thousand  pounds. 

A cloudburst  may  do  a great  deal  of  damage.  One  of  the 
worst  railroad  wrecks  of  recent  years  was  caused  by  a 
cloudburst.  The  water  from  a cloudburst  high  in  the 
mountains  came  tearing  down  a narrow  valley  and  damaged 
a bridge  so  badly  that  it  gave  way  when  a train  tried  to  cross 
it.  The  valley  had  been  almost  dry  when  a railroad  inspector 
had  examined  the  bridge  a short  time  before  the  wreck. 

You  have  seen  that  we  may  have  clouds  without  having 
any  rain.  Queerly  enough,  we  also  have  rain  at  times  when 
there  seem  to  be  no  clouds.  If  it  rains  from  a clear  sky, 
what  really  happens  is  this:  Rain  falls  from  a cloud  that 
is  so  high  above  the  ground  that  it  takes  the  raindrops 
many  minutes — perhaps  nearly  half  an  hour — to  fall  to  the 
ground.  While  the  rain  is  on  its  way  down,  the  cloud  from 
which  it  came  is  blown  away,  or  the  water  left  in  it  has 
evaporated.  By  the  time  the  rain  reaches  the  ground,  there 
is  no  cloud  in  sight.  Since  the  cloud  has  disappeared,  the 
rain  seems  to  have  come  from  a cloudless  sky. 

When  the  sun  shines  after  a shower,  there  is  often  a 
rainbow  in  the  sky.  There  may  be  more  than  one  rainbow. 
Rainbows  are  formed  by  the  passing  of  sunlight  through 
drops  of  water  in  the  air.  The  drops  of  water  break  up  the 
sunlight  into  the  colors  of  which  it  is  made. 


Snow,  Hail,  and  Sleet 

Snow  is  made  up  of  tiny  crystals  of  ice.  When  perfect 
snow  crystals  are  seen  under  a microscope,  they  are  very 
beautiful.  No  two  are  exactly  alike.  The  picture  on  page  26 
shows  a few  snow  crystals.  Notice  that  all  the  crystals  are 
six-sided  or  six-pointed.  A big  snowflake  may  have  many 
crystals  in  it.  A small  snowflake  may  be  a single  crystal. 
Most  snowflakes  are  made  up  of  several  crystals.  It  is  not 
easy  to  find  perfect  snow  crystals.  As  the  snowflakes  fall 
through  the  air,  sometimes  for  more  than  a mile,  the 
crystals  are  often  badly  damaged. 

Snowflakes  are  not  frozen  raindrops,  as  people  often  say. 
The  first  stage  in  the  forming  of  snow  crystals  is  sometimes 
the  freezing  of  very  tiny  cloud  droplets.  In  many  cases,  how- 
ever, snow  crystals  are  formed  directly  from  water  vapor  in 
the  air  just  as  hoarfrost  is.  The  water  vapor,  that  is,  changes 
to  ice  without  changing  to  water  first. 

Perhaps  you  have  heard  people  say,  “It  will  not  snow  today ; 
it  is  too  cold.”  It  is  really  never  too  cold  to  snow.  It  has 
snowed  in  Alaska  at  a temperature  of  52°  below  zero.  At  very 
low  temperatures,  however,  there  is  little  moisture  in  the  air, 
and  therefore  any  snowfall  that  occurs  is  likely  to  be  light. 
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A Hailstone  Compared  with  an  Egg 


Probably  most  of  you  have  seen  the  ground  thickly  covered 
with  snow,  as  it  is  in  the  picture  on  page  2.  A thick  cover 
of  snow  makes  a good  protection  for  the  plants  under  it. 
The  snow  crystals  themselves  are  cold,  but  there  are  little 
pockets  of  air  between  the  snowflakes  which  make  a layer 
of  snow  a good  blanket.  Sometimes,  as  you  probably  know, 
animals  bury  themselves  in  the  snow  to  keep  themselves  warm. 

Snow  is  not  always  welcome,  however.  A heavy  snow 
may  tie  up  traffic  for  hours  or  even  days.  Airplanes  may  be 
grounded,  and  cars  and  busses  stalled.  When  a storm  in  1950 
gave  Pittsburgh  23  inches  of  snow,  thousands  of  people  were 
unable  to  get  to  work.  Many  stores  and  offices  were  closed. 
Even  the  big  steel  mills  had  to  shut  down.  The  same  storm 
hit  several  other  eastern  cities,  and  the  story  was  much  the 
same  in  all  of  them.  The  losses  caused  were  enormous,  to 
say  nothing  of  the  cost  of  clearing  the  snow  away. 

Wild  animals  and  animals  out  on  range  suffer  when  the 
snow  is  deep.  After  a heavy  snowstorm  in  the  West  in  1948, 
food  was  carried  by  plane  to  herds  snowed  in.  The  work  of 
the  planes  was  called  “Operation  Haylift.” 

Snowflakes  are  not  frozen  raindrops,  but  sometimes  drops 
of  rain  do  freeze.  We  call  frozen  rain  hail  or  sleet. 

As  you  can  see  from  the  picture  on  page  25,  hailstones 
may  be  as  big  as  eggs.  Of  course,  they  are  not  usually 
so  large.  As  a rule,  they  are  much  less  than  an  inch  across. 

Hailstones  are  formed  when  raindrops  are  blown  up  into 
layers  of  very  cold  air  after  they  are  formed  in  the  clouds. 
In  the  cold  region  to  which  they  are  lifted,  they  freeze, 
and  then  the  frozen  drops  get  a coating  of  snow.  At  length 
the  hailstones  start  to  fall.  As  they  fall  into  the  rain  levels, 
they  get  a coating  of  rain.  Then  they  may  be  blown  up  into 
the  snow  region  again.  There  the  water  freezes,  and  the 
hailstones  get  another  coating  of  snow.  If  a hailstone  is 
blown  up  time  after  time  into  a layer  of  cold  air,  it  may 
grow  to  be  very  large. 

We  can  tell  that  some  hailstones  have  moved  up  from  warm 
air  to  cold  air  several  times,  because  we  can  see  several 
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Damage  Done  by  an  Ice  Storm 
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layers  of  snowy  ice  and  clear  ice  in  the  hailstones  when  we 
cut  them  open.  Hailstones  have  been  found  with  as  many  as 
twenty-five  layers  of  ice  in  them. 

Hailstorms  usually  come  in  summer.  They  sometimes  do  a 
great  deal  of  damage.  The  hail  breaks  windows  and  tears 
the  leaves  on  plants  to  pieces.  It  often  does  thousands  of 
dollars’  worth  of  damage  by  breaking  glass  in  greenhouses. 

Sleet  is  like  hail  except  that  the  balls  of  ice  are  very 
small.  They  are  frozen  raindrops  which  have  not  been  blown 
up  again  and  again  into  layers  of  cold  air. 

Sometimes  rain  freezes  as  it  touches  trees  and  bushes. 
Frozen  rain  on  bushes  and  trees  is  often  called  “sleet,” 
but  “sleet”  is  the  wrong  name  for  it.  The  workers  in  the 
Weather  Bureau  call  it  glaze. 

Trees  and  bushes  that  have  a coating  of  frozen  rain  often 
give  a fairyland  effect.  As  the  picture  on  this  page  shows, 
however,  an  ice  storm  may  do  a great  deal  of  harm. 
Orchard-owners  especially  have  been  harmed  by  ice  storms. 
One  ice  storm  may  utterly  ruin  a whole  orchard. 
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Storms 


The  words  “unsettled,  probably  thunderstorms”  are  often 
a part  of  a weather  forecast.  Thunderstorms  are  common 
storms.  On  the  earth  as  a whole  there  are  about  44,000 
thunderstorms  a day.  At  this  very  moment  probably  about 
1,800  thunderstorms  are  raging. 

In  parts  of  our  country  thunderstorms  are  much  more 
common  than  in  other  parts.  On  the  Pacific  coast  of  our 
country  there  are  very  few  thunderstorms.  In  Florida  and 
our  other  southeastern  states  there  are  many. 

One  thunderstorm  in  our  part  of  the  world  is  much  like 
another.  On  a hot  summer  afternoon  big,  fluffy  cumulus 
clouds  begin  to  pile  up.  These  clouds  become  darker  and 
darker  until  they  look  much  as  the  clouds  do  in  the  picture 
on  page  29.  The  dark  clouds  move  eastward.  There  is  thunder 
and  lightning.  At  last,  as  a rule,  rain  begins  to  fall.  There  may 
be  hail  with  it.  As  the  rain  starts,  strong  and  chilly  gusts  of 
wind  come  from  the  storm.  The  wind  may  be  strong  enough 
to  break  branches  off  trees  or  even  to  blow  down  whole  trees. 

The  wind  dies  down  after  a few  minutes.  The  rain  may 
last  for  only  a few  minutes,  too.  In  an  hour  or  two  after  the 
thunderstorm  began,  the  sky  is  likely  to  be  clear  again  and 
the  wind  to  be  once  more  a gentle  southerly  breeze. 

Sometimes  thunderstorms  seem  to  come  back  after  they 
have  passed.  They  really  do  not.  A new  storm  may  form  just 
back  of  the  first  storm  and  make  it  seem  to  have  come  again. 

A thunderstorm  may  travel  for  as  much  as  a hundred 
miles.  Although  it  is  usually  only  a few  miles  wide,  it  may 
be  thirty  or  forty  miles  wide.  The  edges  of  a thunderstorm 
are  well  marked.  You  may  have  known  it  to  rain  in  your 
front  yard  but  not  in  your  back  yard  during  such  a storm. 

Of  course,  a thunderstorm  would  not  be  a thunderstorm 
without  thunder  and  lightning.  Strokes  of  lightning,  as  you 
probably  know,  are  huge  sparks  of  electricity.  The  small  drops 
of  water  which  make  up  thunderstorm  clouds  are  all  charged 


Storm  Clouds  above  a Mountain 
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with  electricity.  The  discharge  of  electricity  may  be  between 
two  parts  of  the  same  cloud,  between  two  clouds,  or  between 
a cloud  and  the  earth.  Thunder  is  the  noise  caused  by  the 
sudden  expansion  of  the  air  when  it  is  heated  by  lightning. 

Thunderstorms  do  not  occur  unless  there  are  great 
differences  in  temperature  between  the  air  at  the  surface  of 
the  ground  and  the  air  aloft,  or  high  above  the  ground.  These 
differences  in  temperature  cause  very  strong  upward  and 
downward  movements  of  air.  The  warmer  air  is  pushed  up. 

As  it  is  pushed  up,  it  is  cooled  rapidly,  and  much  of  the 
moisture  it  carries  is  condensed. 

Sometimes  the  difference  in  temperature  necessary  for  a 
thunderstorm  is  brought  about  by  very  great  heating  of  the 
air  at  the  surface  of  the  ground.  Sometimes,  on  the  other 
hand,  it  is  brought  about  by  very  great  cooling  of  the  air  aloft. 

Our  summer  thunderstorms  are  usually  “heat  thunder- 
storms’’; that  is,  they  are  caused  by  the  great  heating  of 
the  air  at  the  surface  of  the  ground.  Over  the  oceans 
thunderstorms  are  more  common  in  winter.  The  ocean 
thunderstorms  are  due  to  very  cold  air  aloft. 
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A tornado  is  a small  storm,  too,  but  it  is  much  more  to 
be  feared  than  a thunderstorm.  A tornado  is  sometimes  called 
in  slang  a “twister,”  and  for  a very  good  reason.  The  wind 
of  a tornado  is  a very  rapidly  whirling  wind. 

A tornado  cloud  is  a funnel-shaped  cloud.  The  funnel  rises 
and  falls  and  turns  and  swings  in  various  directions.  When  it 
touches  the  ground,  the  winds  cause  great  destruction.  When 
it  rises  and  does  not  touch  the  ground,  it  does  little  damage. 

It  is  not  surprising  that  tornadoes  often  do  great  damage. 
The  wind  near  the  center  may  be  blowing  at  between  two 
hundred  and  three  hundred  miles  per  hour.  Some  scientists 
believe  that  the  velocity  of  the  wind  in  a tornado  reaches  five 
hundred  miles  per  hour.  Remember  that  a thirty-nine-mile 
wind  is  strong  enough  to  be  called  a gale.  Try  to  imagine 
what  a five-hundred-mile  wind  would  be  like. 

In  the  center  of  a tornado  the  air,  which  rushes  in  from 
all  sides,  rises.  The  upward  movement  is  at  the  rate  of 
more  than  a hundred  miles  an  hour. 

Some  of  the  damage  a tornado  does  is,  of  course,  due  to 
the  strength  of  the  wind  rushing  in  to  the  center  of  the  storm. 
On  the  other  hand,  some  buildings  wrecked  by  a tornado  are 
not  blown  down — they  explode  instead.  The  air  pressure  at  the 
center  of  a tornado  is  very  low.  The  pressure  inside  a closed 
building  is  likely  to  be  much  greater.  The  greater  pressure 
inside  the  building  blows  up  the  building  just  as  heating  the 
air  inside  a toy  balloon  and  making  the  pressure  inside  greater 
than  the  pressure  outside  may  make  the  balloon  burst. 

The  strong  upward  rush  of  air  in  the  center  of  a tornado 
often  carries  up  with  it  very  heavy  objects.  It  has  been 
known  to  lift  a small  house  and  then  to  drop  it  again  without 
doing  much  damage  to  it. 

There  are  great  numbers  of  stories  of  the  freaks  of 
tornadoes.  A family  in  Illinois,  for  example,  was  eating  supper 
when  a tornado  struck  their  house.  It  lifted  the  roof  and 
walls  of  the  house  away  but  did  not  disturb  the  supper  table. 


In  Arkansas  a family  sitting  on  the  front 
porch  of  their  house  saw  the  house  blow 
away  while  the  porch  stayed  behind.  In 
Minnesota  a tornado  blew  a trunk  full  of 
clothes  from  one  house  to  the  attic  of  an- 
other house  two  blocks  away. 

The  funnel  shape  of  a tornado  cloud  is 
easy  to  see  in  the  picture  on  this  page. 
The  darkness  of  the  cloud  is  due  partly 
to  the  dust  and  rubbish  which  is  carried  up 
from  the  ground  into  the  cloud.  As  you 
would  expect  from  the  upward  rush  of  air 
in  the  center  of  the  tornado,  violent  thunder- 
storms are  a part  of  a tornado. 

Tornadoes  are  likely  to  be  formed  when 
cold  air  moves  southward  and  meets  a 
current  of  warm,  moist  air  moving  north- 
ward. They  are  most  frequent  in  the  central 
part  of  the  United  States,  because  there  cold 
air  moving  down  from  Canada  is  likely  to 
meet  warm,  moist  air  moving  northward 
from  the  Gulf  of  Mexico.  Tornadoes  are  most 
common  in  the  spring,  because  then  the 
north  winds  are  still  wintry  and  there  is  a 
greater  difference  in  temperature  between 
the  north  winds  and  the  south  winds  than 
at  other  times. 

Sometimes  tornadoes  are  called  “cyclones,” 
but  they  should  not  be.  “Cyclone,”  as  you 
were  told  on  page  10,  is  simply  another 
name  for  a low. 

Fortunately,  tornadoes  are  small  storms. 
Generally  the  diameter  of  the  destructive 
part  of  a tornado  is  less  than  a quarter  of 
a mile.  A tornado  moves  so  fast — from 
twenty  to  forty  miles  an  hour — that  at  any 
one  place  it  is  all  over  in  half  a minute.  It  is 
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hard  to  believe  that  the  kind  of  destruction  you  see  in  the 
picture  on  page  33  could  be  brought  about  in  so  short  a time. 

Tornadoes  are  such  small  storms  that  it  is  often  possible 
to  escape  from  a tornado  by  running  or  riding  at  right 
angles  to  the  path  of  the  storm.  Since  tornadoes  in  our  part 
of  the  world  customarily  travel  from  southwest  to  northeast, 
escaping  from  a storm  of  this  kind  would  mean  traveling  to 
the  northwest  or  to  the  southeast. 

Tornadoes  that  occur  over  the  ocean  are  called  ivater- 
spouts.  The  air  that  rises  in  the  center  of  the  tornado 
carries  water  up  with  it  instead  of  dust. 

Hurricanes  are  somewhat  like  tornadoes.  They  are  whirls 
of  air  moving  in  from  all  directions  toward  the  center. 

Tornadoes  are  small  storms,  as  you  have  been  told. 
Hurricanes,  on  the  other  hand,  cover  hundreds  of  square  miles. 
Usually  a hurricane  is  from  three  hundred  to  six  hundred 
miles  in  diameter.  A tornado,  as  you  have  seen,  lasts  about 
half  a minute.  A hurricane  may  last  for  twenty-four  hours. 

The  following  notes  from  the  record  of  a United  States 
Weather  Bureau  observer  will  give  you  a rough  idea  of  a 
hurricane.  This  observer  was  at  a fishing  camp  in  the  Florida 
Keys  during  the  hurricane  he  reported  in  these  notes. 

Sept.  2:  2:00  p.m. — Barometer  falling;  heavy  sea  swell  and 
high  tide;  heavy  rain  squalls  continued;  wind  from  N.,  or  NNE. 

6:45  P.M. — Barometer  27.90;  wind  backing  to  NW.,  increasing; 
heavy  timbers  flying;  beam  6 by  8 inches,  18  feet  long,  blown 
through  observer’s  house. 

7:00  P.M. — Now  in  main  lodge  building,  which  is  shaking  with 
every  blast  and  being  wrecked  by  flying  timbers;  water  piling 
up  on  north  side  of  camp. 

9:00  P.M. — No  signs  of  storm  letting  up;  barometer  still  falling 
very  fast. 

9:20  P.M. — Barometer  27.22;  wind  abated.  During  this  lull  all 
hands  gather  in  the  last  cottage.  Sky  is  clear  to  northward,  stars 
shining  brightly,  and  a very  light  breeze  continued;  no  flat  calm. 
About  , the  middle  of  the  lull,  which  lasted  55  minutes,  the  sea 
began  to  rise  very  fast  from  ocean  side  of  camp.  Water  lifted 
the  cottage  from  its  foundations  and  it  floated. 

10:15  P.M. — First  blast  from  SSW.,  full  force.  House  was  now 
breaking  up;  wind  seemed  stronger  than  at  any  time  during 
storm.  Barometer  read  26.98  inches.  I was  blown  out  into  sea; 
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got  hung  up  in  broken  fronds  of  coconut  tree  and  hung  on  for 
dear  life;  was  then  struck  by  some  object  and  knocked  unconscious. 

Sept.  3:  2:25  a.m. — Became  conscious  in  tree  and  found  I was 
lodged  about  20  feet  above  the  ground.  The  cottage  had  been 
blown  back  on  the  island,  from  whence  the  sea  had  receded  and 
left  it  with  all  people  safe. 

As  you  read  these  notes,  you  noticed  that  there  was  a lull 
in  the  midst  of  the  storm.  This  lull  occurred  when  the  center 
of  the  storm  reached  the  place  where  the  observer  was. 

Hurricanes  are  sometimes  called  “tropical  cyclones.”  As 
you  can  guess  from  this  second  name,  hurricanes  begin  in 
the  tropics.  They  originate  over  the  oceans,  but  they  often 
move  on  to  land.  They  are  most  likely  to  occur  in  the  North 
Atlantic  in  September  and  October.  The  average  number  in 
the  North  Atlantic  is  about  six  a year.  Fortunately  for  areas 
away  from  the  coast,  hurricanes  do  not  move  far  inland. 

Dust  storms  are  easy  to  understand.  They  occur  when 
strong  winds  blow  over  dry,  dusty  areas.  Sometimes  the 
dust  cloud  formed  is  so  thick  that  lights  must  be  turned 
on  in  the  middle  of  the  day.  The  chief  damage  done  by 
dust  storms  is  that  good  topsoil  is  blown  away.  Moreover, 
much  sickness  is  caused  during  severe  dust  storms  by  the 
breathing  in  of  dusty  air. 
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There  is  sometimes  a rain  of  mud  after  a dust  storm.  You 
can  see  why.  The  raindrops  gather  up  dust  as  they  fall.  Snow 
is  sometimes  yellow  because  of  the  dust  it  brings  down  with  it. 

“Blizzard”  is  the  common  name  for  a snowstorm  in  which 
the  snow  is  driven  by  a high  wind.  Such  a snowstorm  is 
very  often  accompanied  by  a cold  wave.  The  United  States 
Weather  Bureau  does  not  use  the  word  “blizzard,”  and 
“blizzard,”  therefore,  does  not  have  any  very  exact  definition. 


Weather  Lore 

Long  before  there  were  any  weather  bureaus  to  forecast 
the  weather,  people  tried  to  forecast  it  for  themselves.  You 
have  probably  heard  these  weather  proverbs: 

“Rain  before  seven. 

Shine  before  eleven.” 

“Rainbow  in  the  morning. 

Sailors  take  warning. 

Rainbow  at  night. 

Sailor’s  delight.” 

“If  March  comes  in  like  a lion,  it  will  go  out  like  a lamb.” 

The  following  ideas  about  the  weather  you  have  probably 
met,  too : 

If  there  is  a ring  around  the  moon,  there  will  be  rain. 

If  it  rains  on  Easter  Sunday,  it  will  rain  the  six 
following  Sundays. 

If  the  groundhog  sees  his  shadow  on  February  2, 
there  will  be  six  more  weeks  of  cold  weather. 

There  is  no  truth  in  some  of  these  old  proverbs  and  ideas; 
there  is  a great  deal  of  truth  in  others.  Let  us  see  which 
of  them  are  worth  remembering. 

Most  rains  last  for  only  a few  hours.  Many  rains  that 
start  before  seven  do  stop  before  eleven.  Not  all  of  them, 
however,  do.  If  the  rain  started  late  at  night  because  of 
the  cooling  of  the  air  at  that  time,  the  clouds  are  likely  to 
disappear  and  the  rain  to  stop  falling  soon  after  the  sun 
is  fairly  high  in  the  sky. 
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The  jingle  about  the  rainbow  is  a good  weather  jingle.  If 
there  is  a rainbow  in  the  morning,  it  has  to  be  in  the  west, 
because  it  is  always  in  the  opposite  direction  from  the  sun. 
There  cannot  be  a rainbow  at  all  unless  there  are  drops  of 
water  in  the  air.  Our  weather  comes  to  us  from  the  west. 
If  there  is  a rainbow  in  the  west  in  the  morning,  the  bad 
weather  they  are  having  to  the  west  of  us  at  the  moment 
will  probably  move  eastward  and  reach  us  soon. 

A rainbow  at  “night”  (late  afternoon)  has  to  be  in  the  east. 
If  the  sun  is  covered  with  clouds,  it  cannot  make  a rainbow. 
Therefore,  a rainbow  at  “night”  means  fair  weather  to  the 
west  of  us,  and  we  should  get  the  fair  weather  soon. 

There  is  no  truth  back  of  the  saying  that  “if  March  comes 
in  like  a lion,  it  will  go  out  like  a lamb.”  The  old  proverb 
does,  however,  call  our  attention  to  the  fact  that  March  is 
a month  of  changeable  weather.  It  is  almost  sure  to  be 
lionlike  in  some  spots  and  lamblike  in  others.  In  our  part 
of  the  world,  March  is  the  stormiest  month  of  the  year,  but 
there  are  often  days  of  calm,  bright  spring  weather  in  between 
the  days  of  rain  and  high  winds.  March  may  “go  out  like  a 
lamb”  if  it  “comes  in  like  a lion,”  but  it  is  just  as  likely  to 
“go  out  like  a lion”  instead. 

A ring  around  the  moon  usually  is  a sign  of  coming  bad 
weather.  The  ring  around  the  moon  is  made  by  ice  crystals 
high  in  the  air — the  ice  crystals  of  cirrus  clouds.  Cirrus  clouds 
themselves  are  fair-weather  clouds,  but  they  are  often  the 
forerunners  of  a storm.  A ring,  or  halo,  around  the  moon 
often  means,  then,  that  a storm  is  on  its  way. 

There  is  no  truth  back  of  the  saying  that  a rainy  Easter 
means  that  the  next  six  Sundays  will  be  rainy,  too.  Whether 
the  Sundays  that  follow  Easter  are  cloudy  or  clear  is  a mere 
matter  of  chance. 

The  groundhog  has  no  standing  as  a weather  prophet.  It 
does  not  really  matter,  so  far  as  our  weather  is  concerned, 
whether  the  groundhog  can  see  his  shadow  on  groundhog 
day.  It  does  not  matter,  in  fact,  whether  he  even  comes 
out  of  his  burrow. 
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You  see  that  some  common  sayings  about  the  weather  are 
true,  and  that  others  are  false.  A good  rule  is  never  to  believe 


a weather  proverb  untih  after  you  have  watched  carefully  or 


have  looked  up  records  to  find  out  for  yourself  whether  it  is 
a good  one.  Most  weather  proverbs  can  easily  be  checked. 


See  for  Yovirself 


1.  Look  at  a weather  forecast  in  a newspaper  or  on  a 
weather  map.  What  five  things  are  predicted? 

2.  Find  in  a newspaper  a day’s  summary  of  the  weather 
in  the  whole  country.  Which  station  reported  the  heaviest 
rainfall?  the  highest  temperature?  the  lowest  temperature? 
the  greatest  range  in  temperature? 

3.  Fill  a tin  cup  half-full  of  cold  water.  Wipe  off  the 
outside  of  the  tin  cup  to  be  sure  that  it  is  dry.  Put  several 
pieces  of  ice  in  the  water.  Stir  the  water  with  a rod 
thermometer.  Watch  for  drops  of  water  to  appear  on  the 
outside  of  the  cup.  Read  the  temperature  of  the  water  when 
the  cup  begins  to  sweat.  This  temperature  is  the  dew  point. 

4.  Watch  the  sky  for  clouds  until  you  have  seen  cumulus 
clouds,  cirrus  clouds,  and  stratus  clouds. 

5.  On  a snowy  day  take  a magnifying  glass  out  of  doors 
with  you.  Let  some  snowflakes  fall  on  your  coat  sleeve,  and 
look  at  them  through  the  magnifying  glass.  Try  to  find  a 
single  snow  crystal.  If  you  can  find  one,  notice  its  shape, 
and  compare  it  with  the  pictures  on  page  26. 

6.  Look  out  of  the  window  through  a glass  prism.  Notice 
the  rainbow  colors  around  the  trees  and  buildings.  These 
colors  are  the  colors  in  sunlight.  Drops  of  water  in  the  air 
break  up  sunlight  into  its  colors  just  as  a prism  does. 

7.  Choose  some  common  weather  proverb.  Then  keep  or 

look  up  records  which  will  help  you  find  out  whether  the 
proverb  you  chose  can  be  depended  on.  ' 

8.  Look  in  science  magazines  of  November,  1946,  or  later 
for  accounts  of  how  snow  has  been  produced  artificially. 


Frost  on  "Windowpane 
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